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atcrial for a lithium sect 

'discharging cycle performance, and a lithium secondary cell having a high energy density and excellent in charging/discharging 
^ cycle performance are disclosed. A positive electrode active material for a lithium secondary cell is characterized in that the compo- 
sition of the active material is Li x Mn a Ni b Co c 0 2 (where a, b, and c are values of a point (a, b, c) on a side of or inside a quadrilateral 
© ABCD having vertexes A(0.5, 0.5, 0), B(0.55, 0.45, 0), C(0.55, 0.15, 0.30), and EX0.15, 0.15, 0.7)) on a ternary state diagram show- 
^ ing the relationship among a, b, and c, and satisfy the expressions 0.95<x/(a+b+c)<1.35) and in that the active material contains a 
© composite oxide having an 0r-NaFeO 2 structure. The lithium secondary cell comprises this active material. 
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-e {4 % M IB 2 0 0 ttfc(DK°-f&7JPX5--/i'kVX^y?xm®$fm$:!i$mh 
til, io° #Ei2 2' t' - ^ ft* I irgft ^ ^ o i * § „ 

:oi54«-Ni (OH) 2 m$i£hmm%& < £tffl5**«r«&K#fcJI ^tl 

**ttKUnA.X, 2 1°#ifi (IISHii2 1il. 5° ) tLi.MnO.ftt 
ffiti, "R 3 -m" iSIEt5 ^k k~rz a 

<v*fc*, ^*lv> 0 ^^s^^^s^fflvN^ k, jm &ai ig ©a am j: 

£ £ T? , ItlHL ift^i^LTL iOH^I^fSi:, L i OH©I^I44 5 
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<M©M&M> 

etisy f-!> a n&mMiE^tiiC©^ y ***siiiiJria-cs>*K in 3 

ft, 6 y ^ £ irfctifeffliESSftS ©MSlB^irM (s em) 

< 38 91 3 fc*©*£©JBl»> 

#3§BJ3©IE*?£feStfts ||S;Li s Mn,Ni b Co t 0 2 (IU a, b, 
c fi, * = 5E*tttH±K:*5 V^-C, ( a , b , c ) fl*£A ( 0 . 5 , 0 . 

5, 0) UB (0. 55, 0. 45, 0) & C (0. 55, 0. 15, 0. 
30) h MB (0. 15, 0. 15, 0. 7 ) h & M & b 1r %> m % M A B C D <D 
*±*fcttrt«fc#«E-f*«H©«T?*> 9,0. 95<x/(a+b+c)<l. 

±ib a , b^i>'c©.{Sft, m%^m^%^fr?fc<vmW'&mik&m<D 

BuM'&lHhfeft, Li 2 Mn0 3 ?:tlt> So, CuKaH^SIl 
fc©5t^ y ^ ^H0$?aa (C*3V^T. 26 = 18.6+0.3° ©0#r3S!a& (m) 
l^fo2fl = 21±l. 5° lC&rtSlBl#f£&£ ( s ) ©ft ( s / m) ^ 0. 

HulBJt (s/m) «: 0 . 0 4 t 1" 5 fc X> K: ft , ±*fibfcJ;5fc, JS^^ffl 

8ft 8k Stir ©tfUBftflS 0 - N i (OH) 2 M^H B a#3t^3fe b LT^tf fe©%ffiVN5 

13 



10/4/2011, EAST Version: 2.4.2.1 



WO 03/044881 



PCT/JP02/12171 



•tits mmm&mfc^te, NjisiasB etmii# o . 3 m 2 / g u 

H5,Jl5t»T!«)ot ( iufEtm^^ IfilTntttTMn, N i RMS 
fc&fc-CC o fefTL, J.O, D-Ni (OH) 2 ^fe B B B #3t^^1-5^^tl^± 

jfSlv\fffit^offil*iSfel!:o^TaBt5. Ni (OH) 2 
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lUitill-fcMj-SN i t-f Mu, MnlHMICStTC o JS^ # , N i 

^t5Mng^Ctift2itfe5r BU P^jS A * s 2 flfi © M n * 

2 Mn0 3 ©4l?r'>4<t5'^ s tl5. ^ © L i 2 M n O 3 14 4 V#fi|C*3 

# fc S © © x ^4<gT©HHi*5fc«)x Ig-a-SNisft CEjSiS&Sf) tfc^* 
fl5 L i 2 M n O 3 © ^ ^ ^ # < ^ I" ^ ^ ^ i 5 f 5 ^ t * s » * b Vn fc 

y *»*«t I H:ii>ft < t t> N i S:tJ?M n & £ ^ it f£ * ffii T L X tt Wt % Jft f$ 

fc® (jE*»*») t Lt L i ©M • I? AKJ&fc# 5 ttft#36©5fc£tt#H5V* 

r^ftfej SrHSJB Lfc#'frH::l3V , »t\ fflfWfr** 2fifi©Mn * ± fc UT^tpfe© 
h 1~<5 ItibKtts KM© pH&i lK±07;v*yttl:ftori^l 

•f-§\ ftTWft©* Jt «ST# SffilRl t * 5 o KJ5tt©pHfi, l 3 

£lTt'*)5<DiS|f$L<, i 2 £l T £> 5 © J; 9 £ L Uric, KiStt^ 

2#(C|%fc^s Lfctfc^^?r^;^LfeHU»#:tt J3 - N i (OH) 2 S*f:i£ 

±t LTttfi'lat^S. ±lB©*##«TfcV^, ?X ^ # Wt T = * y # © T ~ 

*^aas«s*#3&rt tut d 3i*tu^-r < ft* £ *£>Mn oift^i an l^-t < , 

&jfcbfcifc**«r«*U;fcttBfrH:*-N i (OH) 2 £ # < £ A, f£ % © 

15 



10/4/2011, EAST Version: 2.4.2.1 



WO 03/044881 PCT/JP02/12171 

ifcs. %.fcm*m%^m%K.%k^*& t its, sfes^t Fy^yf ©is 
r#tfcfej tc&v^T, fl&e#©jff!ftfc ^si^^lft-^^ its, ta^ y 

7 Jc $ * k it Jfi S «r M 1- « % © T? *> ft tf # tc KB S $ ft 4 v > *s „ 7 J< K M f 5 ft * 

£©iSV^JRJ£«:JlV^ CI ^##£1^. i*g © it V^il I t I t II , Mnft 

N i fc&m k Itlt *lHb=y*;K i*Bft=y*-/K ffl»=y 

&M-T^5 y$tfr^^S^Sr^ft1-S - t £ £oT||fn$ft5fcfc, & ABB ft 
n, Ni, C o £ V<*o J* 4" * ^ * ftU T iiffl t Lfc*#T 

lv^ 0 7y*^^^t>^#e§t5*iititii, siry^^n, 
JR*«fefi!6i-S«|Sl*s*5. 

sng»j©»«4 ?o»H^^i*it5 :tt, aerw^tt-fts-a-* ©*fc^F-^«^»»* 
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*fc, Mmm&mfcm\$,m®&m7zm t itMns^Niirtu-Ni (o 
h) 2 m^^mm^^-r ?>ih^^ %± t i^x^nmmw t N l ii^it, k-i 
{cj^^-cc o fc^-fcia* h ft 5 tfrffitt t 5 rt^£o-c#feft 

/^^ijs, CoJ)SMftHtit Sitt^t^^^ hftmtf bft5 0 

fulpfr^ TfEfc^-fS C oftititMnS^N i ©fc-§-*i«S 
t)tN i OAofcg«%iTt5-it^-|:Mn-N itfcfKfcflftilS-SrS-fcfc: 

g £ ft ft ^ # , * l < ti , ift^^^f (i i ) v * mtmt a /< /V h (I I 

I), EHBfe-fb— h ( I I I) (I I)s Tkttft a^/i' h (II) 

ft if i IV\ & ^ fc i *5 9 > M n © ffi §C t| JP £ fJfl £ 5 » » KJS 

ft! H i L i ft^liicl^l^^tUx ©J6&ft*a4ftWK:«ft^"t-S*-fe 
SrfflVN5tfc#T?#5. ^©S^ttL i : (Mn+N i +C o) li 1 ft £ 1" 3 *& fife 
l^Ctgf^^/H^^t^S^.L i Mn O 2 i L i CoO z J:©iaffi(-M1-5 

£ ffcO £ « L i ft-a-ti&^^iiPJa b 1" S i MS & © £ ^SMfc 

lOl^itL i/ (Mn + Ni+Co) # , MHtl. 3 5 * *i , £<9 
Klil. 2 BIT, *t>&*b<»i. lO^TH, o. 95Mift3J:5 
Ht5i, HG^ai*;!"* — *ft ,t^3fc#c*U--f * A'ttt&«r 3 fr1"3 U ^ «> A - ft 
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««lJ5 1"5 - t 5» fufBM 1 . 3 5^1tfe5h S*St 

9 5HTtfc5i, *£1-5*tf fcliflt^Sfc £LT 

fc5o 

«Sff$L< % ± 5 $J£ L < ft 9 5 Ot~l 0 2 5lC-Cfc5of»AQiaiaft* s 9 0 0 ^ 
-T5 i 5 1^1"^. ff&M?fij££ 1 0 5 0 °C£Jgil LTkl^ 

< vn t v^feM^ c^-fv^ fiesta 

ft#l 0 5 0 iC4ii3i, g B B 9 filK]iaiE6at^ FHbt^ MHJt?JS 
^SS*#tiaftH:jfii S*:«>«?lllttieiHftTffilRlSr^-f o MS 
&ftfc9 5 0°C^iil 0 2 5°C^T©«£Hk1-5ri:(cJ:oT, ItCiiSV^^A' 

#f^&5k, Jg A © 35 g # < , SittSt^5fe*t fc<5*#fcS. 

ii^a»ffl^», nsli&^/^ssiBSa; 1 1-5 ^ t asff* lv^ we Mai 

g©5*>, iaixe©)l»H!K:**:«a«Sr*T**S«»WI*fc3S''^B:» 
1"5 - t &m#>X%-t. b^. M&-a ^fc:»Hm k LtB, 

b^x5 0 
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^f^»;fh9t KP7?yXft*o»*#; l, 3 - * * if v * l , 4 - 

^ * * -y- ^ , 1 , 2 - 'J p« hif-v'X^y, 1 , 4-^^K->^^s fif-JUsi? 

jfjj ^tooL-^flsifc ■ r± h ~ h y ;w ^ y ✓ = h y © = H^i; 
^y7>-X«;e©S§^f£;^^*^7^Ks * ^ h X tt: * 

© n j* # ft & 2 MJb©*i-a-^£^f 5 - 5 -ft 

llfSHTIi, fJtll L i C 1 O 4 , L i B F 4 , L i A s F 6 , LiP 
F 6 , LiSCN, LiBr, Li I, Li 2 S0 4 , Li 2 B 10 Cl 10 > N a- 
C 1 O 4 , N a I , NaSCN, NaBr, K C 1 O 4 , KSCN|»Jf^(L 
i h th!J!)A (Na) 3Ui;i/ y * A ( K ) ©1 W Sr £ tf IS >f * ^ * * L i C 
F 3 S0 3 , LiN (CF 3 SO s ) 2) LiN (C 2 F 5 S0 2 ) ^, LiN (CF 
3 S0 2 )(C 4 F 9 S0 2 ), LiC(CF 3 S0 2 ) 3 . LiC(C 2 F 5 S0 2 ) 3 , 

(CH.) 4 N B F 4 , (CH 3 ) 4 N B r , (C 2 H 5 ) 4 NC10 4) (C 2 H 5 ) 4 
N I , (C S H 7 ) 4 N B r , (n-C 4 H 9 ) 4 NC10 4 , (n-C 4 H 9 ) 4 N I , 

(C 2 H 5 ) 4 N-maleate, (C 2 H 5 ) 4 N-benzoate, (C 2 H 
«) 4 N - p h t a 1 a te,7f7!l;M;H>l!lf^, * * ^ ^ * ^ * ^ 
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"Hf f 6 T fe 5 o 

^tibo^©*-?. LiPF 6 «iifc€ISistbti5jSii? 

Sfc, LiEF 4 (±, L i P F a tit|&LT$?itil^{;S^|l:{i{£V^t>©©, ttff 

©jk**§i tie i 1-7 < , ftmttt isX&mm 

5 VM3\ LiPF 6 ^LiBF 4 h LiN (C 2 F E S0 2 ) , © J; 5 ifc ^ — 
SfetT(f5rH^'t5£, ft Sr ft ± $ * 5 8b * # h 6 & T? 0 * t V^ „ 

Htit ;i5^«?iii#tt£iirl-5 y ^ •> a -ft 

HffeSrfliaSHlWSfci&fCx 0. lmol/l~5mo l/l«ljff4L<, * 
^ 4 L < ft s 0. 5 m o 1 / 1 ~ 2 . 5 m o 1 / 1 T? fc 5 „ 

##BH© y ^!?A-ft*j|li©ESK:r3:*3SMO y ^ * A-ftWMESS^fC 

xl, © E tl ?S ® ^ H •p' LT^3 ^"C I) J: V\ 

EffiH:. ffrfSE^St/^^^m^J^^fe^^J, ^t£«It{£CT7^7-t 

Xllfff LT5 0^-2 5 0 tlgSOlSt, 2S#riiJt»ifelt5r J: 

A-XX, y ^ * A - jtf y * A , & t> V K^r&^©y^l7A^ffi^^-a-^),. y 
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7 4 K /N-K#-#f, ^afta-tf^) S#¥rf&;ft*. 

AlStfiftJ: LT»tL^ 0 fUxff. AM$K 5c # # * U # , 

^1 £ 4> & V - * L V 1 o 
#f ; 

fc^BMBi (d 002 ) 0. 333-0. 350nm 

a«^|fil©ift^©*t*La 20nm £t _t 

c#*fil©^i^©*t^L c 2 0 n m _h 
JC^g 2. 0 0-2. 25g/cm a 

[*]_h1-.5 g «n? 1 0 ix m£lTTf*>« r. tV^ 0 t&fr *r Bf £ © T? # 5 fc 

fci±f£M^£-M^J! ^ $Jx.H:?L#, #-^5^, t^K5;v, jg 

fb # - ^ 5 ^ x J?sy FU, F^K Se 13 ^ 
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ttisiEts^^^tiicft, m&umm&A&ofoK.* mmrn, ti?*sik mmm, 
sttfcvas, ^rnmrn mftm®, Mfrftm®, ±ti»^)^ am&k 

l*»fl*lK £M (#3, 7;v?^!)A, &, fe\ &Jililt> 

fcTi?^ VV?y y Z «r 0 . 1-0. 5 ^ mOlitfi^#Ltffi^5 t^g 
^ClSJ:t3U5ft^-|i^t&5. ^©fcfe, ViH^I, SlSM, 

tfT1B*£**[| i LT ft, !f(JfF77^Pxf^ (PTFE), # U 7 

yflstr=yf f >' (pvdf), I'y, ^^Pti/y^©|pjlttSJ^ 

if i/y-7"pf v^-i^xy?- *K y t — (epdm), ^;i-*yftEPDM, 

*:fV^7 , *v?i^=?A (SBR), 7 y *=f A<jt© =f A#ttSr^T*f 6 * !> - * 
ltXft2iKiOl^fHXfl^5:i#-C*t5„ ^ >tf $J © Ss #P * fi , IE® 
Xtt^SC»lIlC*tbT 1-50 L<s #t2~30 

tfrlS±l*^J i ltd:, i!3t, ^v^>-^f;vt;vp-^, ^f/vt/vp-^ 

»«©«ic y At gte-f sties Witf^fA'fttS* 
LT^©WliS ; Sr^?S$-^T*5< ~ fc LV\ ^^©Mfti^ EtSXtt 

22 



10/4/2011, EAST Version: 2.4.2.1 



WO 03/044881 PCT/JP02/12171 

**oMtC»LT0. 5~10li«S|IL<, 1 ~2m*%*Sff* 

7^ y-i 1X14, *fttt1Bte»##fc;ftl££fcv^#^fc*LtffflT!fc&^. 

LTM*ft 3 o M % £t T # £f £ L Vn o 

imati, sits - ififam^^feico^T 

fStt^7^, Al-CdmcttP, »M7ntt©@ 

^ ft; © ff£ #t i£ o T ft , 7 * -Y A- *v © ffi x 7 -f A ^ , 5/ — h ft > * y h x 
*S JB ft § 0 % & © IS 36 l*# ft V^ # „ 1 ~ 5' 0 0 /i mO t J l^fc Jl5 . 
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A**t3ftfc*«-»fc©*#fttt*ftfc*>©2:**» tot, J: 5 fe&ffiSr* 

i asm sat a. 

if - ; v ^ - ^ ;u & , 7 y 4k ^ ~ }) > - T h 7 7 ^ * v ^ ^ y i* , 

7 v jbtf = y r v- h y 7 yftif = y fv-y^* 

?y ,Vyfu^3-U^-^**)-7 ?v-*v7°v\fVl/iSzM'§W, 7yft^!)fy- 
^LVN„ Sfc, 2 0#*%#±##*LV>. 

4fc y f 7Ar^tftft/^-^it, eo&tfr* y h y >k 

* * f K , 7nt>yt^f^F, ^ f ;v^7^ U l"- b? = ;v T x - K 
{f- ; vifpy # y 7 y ft tr = y *f >m<Dtf V t M jf fc T?#**ft 5 
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te, 7 S?#/v|B*&3J«:ffiffl L -CJP 36 (uv) Srfli^fctK ft^H (EB) 

Ltii, ii7^7-i (m^*, sfe-fc^^^. mfcrsvx ~z j*. mit-? 

Aftife-v^i'i^fc Xa&mfcWtM}. *17-|{;!?P7 Hkt* - y x 
V, 7yftt^yfy/^^rt7;i'ta/pfvy*l^#, # y T * y n ~ h 
y ;K *"^f;v^H!JV-H) 4£ # 3* ft S . tfriati't4fSS^l©^iP* 

a*#an:*rf J:&*#«R:tt^ 2tg (^) r^yi^-h 

if a - i? ( ? $ ) T ^ y u _ K /pfc>y^ya-^-J ( ^ ) 7^1'- 

K r v= t° y n • v 5 * * -< y =? jv y y 3 — ;v 3i * t- jv ?) r ? y v — v , 

o^yypt^y^P^/v^ ( 7« ^ ) 7^!)i/-F, jKy^-^e/rc^wv/TK 
y t^v^p fc>y*l^fro-^ M * ) 7HU-K •? 9 W Or — & (J 
jr) T 9 y 1/ — K ^ ^ lx > ^ y a - ;v ( ^ ^ ) r * y v - n$ h 3t 

II ( ^ ^ ) r ^ y - h { h y / u — /i ~f & s< y y- v t ? y b, 

y y ± y f h y 7*y^-K ^y-kyyoifi/y**i/K#ato 

h y r ^ y K ^ y t y y © 7" o t" i/ y * ^ K# JP!| © by 
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9) T V 3 v — K ]) ± ]) ytD^-^uy^r^-^ b\ ~7 u ¥ vyir^y- K ft M ft 
<d h y T^i^-HK 4 •£t&«±«># , trf& (^) r^yv-h {-< 

y^iy^D h-^fh7 t v y y ± v y^*y- 9) 

T^yi/-h^} a* $ rf b fi z . ztiha* s-? — &$.mbL< ft* ffffitxi 

y Mfe<#h ^fift*-^* ^ vyx;v* ym. T* V frT 5 K - 2 - ^ 

Xtt^rtbfe©^ (L il, N a S, Ki£ s T V * = !7 

AS, x h 77;^;ny*=nSf)v * tc £ ti h <D?ft&m % ;i<7$ ym. % c l 

~C 1 8 <D mffiMXtemm&T a - ,l> , T)V* V y (C 2 ~C 4 ) ^ y 
/KyT;V^v^ (C2~C4) ^ U a— ^^TjfP^WJCai^x/V'fbLfct© 
f^l/-K*/tN ^r'>xf;V7 W - K ft if), RffTy^^T, 1 IX 

T^'fyS^y7^ F\ n, N-^xf-^vt'^yit/T? K ft J? K 9) 
T^y/w^^^x/i- [C 1~C 1 8©8ilt5i (y^/K ^^/v, 7"nf/v, 
/v, 2 - i/;u^ ^ x T y ;v ^ ) 7;V3-/vt ( t« ) 7^y;Hio 

3i * 7 1 A- , XltT 7\>*Vy ( C 2 ~ C 4 ) ^ !> a *- (xf a-;V, -f 

d tr y i, 4-7"^y^*-/H) Stf*"!)7;^i/y (C2~ 

c 4 ) ^!)a-;K*!)xf yy^Ua-zv, ^l^pifvy^y^^^) ( * 

^ ) T ^ y ©x^f;!']; (^^) T^y /V7 5 KXUN-ti (* ?) T 

V y ;V7 ? K [ ( * * ) 7H/V75 F\ N-^^/V ( ^ * ) 7^5^75 K, N 
- / ^v-zuit ?)T ? y;vr^ K^] ; t^;vx7f;vXST U;vx7f;v[S 
Sfthf SI7!1;H]; tf = — T frX tt T U /v^ — ;v /V tf ^ ;v ac 
-x/K Kfv'^7 !) /vx-f-^f ] ; IS fa — h y -p" #J 7^'J p 

= - h y/vf] ; ^i^7^3-;v [(^9) T y ;w 'T )V ^ — /V 
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# ] ; ^ M T 5 >- lit ?) 7'J;V7? y % ^^f/V7?/if^ ( ^ ^ ) T ^ 

— [n- if=.^tr p y K^> t'^/u t° y ; * v y j yjRjfijftjielifls** 

^Pl^ s ^Pt>y, ^ ^ V V , y^f ky, x (C6-C50) a - 
t^7^|];t^7^ ^*JfeSl5S;J!iflS7lc*l>* p^^y//?u^*ty, 

— }f-)\s*f-v^ ^ ^^^^gsDs^jfift^s K [> W 5 K # ] ; /n a y v-g- 

y — ;v A V ^ y *J 7V 3i — x , tr ^ 7 ^ y — /V F ^ y v- v 5 ;v ^ — r- , & Iff 
fc(f^7a/-/VA-^P 7V a: — x /V „ 7 a: / — A* / # 7 V 9 7 V is 3? ^ ^ 

^r-y-fc Fp7 # flsWL? y ^ -y/vx^r/v, ^ -Y -r — V *> * *r /Hfr } * ^ 

y yy;v7 5 vfi { h y ^ y S'^w y s'T* y- h s ^ h y ? y v^v^r 5 

Wfc^M^K Jfeat**#*1>->r K* { 3 , 4x#^y-6^f;^y^D 

— S/ 7V /: ^ 7V # 71/ Jj? ^ V V — h , 3 , 4 « # =3f V f J7 t* ^ * V ^ * # ^ # 

^s/i^w-njt} «$ # * rf ft a . iiiboi^^vSfJIli, #iH<BSftlJ 

MSB® ft 30© 01 i LXft, Ii§«*° P7?VI u v h y T 5 h y 

^=f-uyf-hyX^. 3, 9 - (3-75 /7'at';V) - 2, 4 , 8, 10-f 

Fnt^-t^t'P [5, 5] *7 vi* ij Slitf^^yiu^yvy 

^7;y/^7^7x^/Mni)^P7; KH^^-1#5 7? K*fh 
®3$7kM {«7K7 * x h 7 fc Kb * f-^*S*7 * ;H, 1 KpS 

ak^/i'SK iTkKU^yy M> f-frl'V y 9 M). 7 ^ / -7V-*I { 7 * 

y y *«Ph 7V# v {# y t;v7 7 f K*?k |H7 5 >m 

{ Fily; {V J- J- ;vt % ; J- ;v) y^;—?v^ 2 - 4 - ^ g=vW 5 ^ 
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/-^h ;vs( ^t^ft { = 7yft*?* - if^7 § « & ¥ if £> ft 

5. 

5/ T -f- — h , v ! 7a=;v^y^-fyv / 7t"K l, 6 .^ff^f vy^/f 

y i/T -y — k 2, 2, 4 (2, 2, 4) - s y ^ f ;v---^t ^ f y 
^ t ~r — v , p-7s-v>^'f y^7t-F, 4, 4' - ^ ^ p ^ * i\> * 

^y^y/Tt-h, 3, 3' -i?^f;l'^7x=/V4 l 4' -•7^Vv'7t 

- K •?7 = ^i?>^yv'7t-K m -3fv'i'^v^y-;xT-7--K h y ^ 
f/^->vy-70->7t-K 07^py^y^7t'-K 1 , 5-t7 

^y^^yi/7t-K trans-l, 4-*/^ P^^ ^'^yyTt 1 - 

Xlf^y T 5; [2tfg^^tl at^Vi/^y 7°P t°uyy*y ^ 

i?xf i/y^ y =t-/K b°i/v^y a— /i^h 3 1ri6fls#4(lJ l^y 

■fe 'J ^ , HJ y f p- /l/7a/^, 1, 2, 6 - -N^rfy h !i 
/-^7^l), 4tlfc^{^y^p^!Il«-;V,xfl/yj;7^, h 

y i/yi?7 ^ y,i?7* = ;M ?^77^ y . t- ^7? ! f p-z^y^^^f 

pi ffl,Jf i/ K^h 5 ^ftflS-ft-W {2, 2, 6, 6 h 7 * ( t K * * V 

tf-As) *st n^^r-y- / -/K •7xf^FP7;yftt'K 6tlft^«) {7^ 

Rtttf y i-T 1 /^^ y ^-^§1 {huibjk y tf-^xri* y t 5 y©7°p t>yt 

=*rf--f FS»/X!ixfyyt^f^f K#flq*h !I xxf^^ il [I&1E 
aK 5 * — >ui^^a6il (7'7^y|, o, m, p-7*/Hfe» = Tify 

^yi, -t > m , y ^ / - -rt'ii } iot^«, *^7pyny*yt- 

;H*"D £-*7p^ h f*?K t Kp ^y*;v^yS©li^«f ] ^ 
StSi. X-fb^*JB, hU7/v^/v*^7^yi, r$y|| [*/7; 
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^ H { N , N - i? / 3- is n^^fy'/l'T 5 > , f- !) xf ;V7 ^IK It*/ 
7?yi {t"y^y, N - / f-fr^tV* V >m). S?T5^jB{N, N, N ' , N ' 
-fh7^f*3:f V'J / i ? 7'5J'» N , N, N ' , N ' -ff7^fM, 3 — :/ 
^y^T^IK M 7 5 >'| { N , N, N ' , N ' --^y-^f-^S^f-l/y 
hDT^yf}, ^ ^ U- 5 v H { N , N, n' n ' - r- h 7 (3--^f;v7? / 
y p t';W - / ? y v>7 ^ >IK 1 1 * y 7 5 y« ( -^7f t ^ y (D 

ABCOk N, N ' -v 5 ^ f;Hf^?^y, 1 , 2 - *? t ^/W K 1 , 

8-S?TlFtr3/^n (5, 4, 0) p. V 9 ± V - 7 (DBU) II ft * *l 

M&tLTte, %&X*mmir?> z k buffet t>Z&. X £^ it * ^ *P E £ S 
y ^ !7 Ai^flo^lfrwtSi its, ^^y^yHfet^^fyv 

L<tt6iIoStfft7^5 = !7Af)55ifJU^. 3: . « ?fe ^ tfMU © M ^ ^ 
^AtLtft, |ijif yyri/7^- F7^;vA, t^^?-!/^!©^ 
t JWL3SStcfttifc«fiIB7>f /vast, *ftrtfflJ«©»JB7-f A^A LTtt, 

5 7/f;VA^jf| Lif\ 

y ^>7Azl^fl'?tii©#j${£o^T{i#^Pfi^£t^5 © t? < > M 
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- $ a t l -t $ e> ft s o 

Jftfc J: D RS&ftS t>©T?B:fc< , f* » # i* #1 j£ 1" 3 f&1b<DlEfcmQ3'g, All 

MS-, Ms t«t, v-- 9 MtH^sM^ttM-cfc s „ 
(glfefcl i ) 

*WaRJK«rn:7kSr 3 L (Jy^) Aixfc. HtpH=l 1. 6 t 4§ i 
5,32 %7K^^- h y !7 AyK^^SrJP^fco s< Y n> 9 A 7°(omn®U *m A. ft 

H^I^lV^l 2 0 0 r p mffjfL, fc - * - £ D ixJS ft ft % 5 

33mo 1/L, =*^M*i!0. S68mol/L, a^HS#0. 5 
6 3mo 1 / L , t F7^^iSi J 0. 0 1 0 lmo 1/Li45±5t> *M 
■?l/13ls (Mn S 0 4 ) «*=y^r^' (N i S0 4 ) M /V 

h (C o S o 4 ) /X^tt&t^t F7'^y ( N H 2 N H 2 ) zki^fc?!^ ittfc. 
E&W ft fc# fc, HUlBM^fc 3. 2ml/minOittT? 

itnaR^flrrttcafttttttTb*:. ^fit raw u-c* 1 e m o 1 /l©t^ = 

T 7 J<£ 0 . 2 m 1 /m i n ©aE*T?IIHBR*Wrt K«T bfc. 4 fc , i&lBKjSW 

TO©pH#n. 6 (±0. 0 5) t -femft 5 J: 5 . 3 2%*H-fb:^ h y 

]& L /c ^ y y - Sr * ^ , 5 ii L > lOOtt-ft^lH, Ni-Mn-Co* 
ifctlfffift J- y * *j»|iliff«l£©Jft*» ^Ni-Mn-Co*iti 

30 



10/4/2011, EAST Version: 2.4.2.1 



WO 03/044881 



PCT/JP02/12171 



mWfc, J3— Ni (OH) 2 S*£i&*3&«r£ t LTtAytV>5 £. t tfSfr/^ofc 

#^fcNi-Mn-c o&itmmfct*n{kv ^VJ*-*Mffi%.h*m*ft 

"PL i / (Ni+Mn + Co) =1. lfcfcS-fcSfcffSb, + # tjSt b fc. 

5 #M-^T^ b, ^^fflv^i:. Ky^xTiSIT^ 10 

0 °C/h r T? 1 0 0 0 t*t#lfll, 1 0 0 0 °C|CT 1 5 h r ft V» T? 1 

0 Ot/h rT'6 0 Otf t^Sl, -t © ft ifc ft b , Li-Mn-Ni-Col 
#ttflS*fc#fc. xy ^^i»|iI*fa!lS©3fe*s #fcttfcLi-Mn-Ni-Co 
« # 1Mb « , 3 -m|£!)§H£*L5 a — N a F e O 2 # 3g *S £ flc t? fc o 

fc. I C P*afife##f Lii.iMno.3eNio.32Coo.32O 2 iM£ 

liLfc 0 iiiffeiasBETttiiiiio. 5m 2 / g -efcofc 0 sfc, 
^sii^Mi (sem) j: o xmmm&M{km<D%L^zm.m b^n, m 
ra? a # # & «t © - & *fc ^ a* m m b x - * & ^ * ^ ^ b x v > 5 # ^ # « $j $ o 

(ftttftl 2 ) 

•WtfVftgtfSO. 9 1 5mo 1 / L % = y jJJ 0 . 4 2 2mo 1 / L , 

a/<^h*ft^0. 4 2 2 m o 1 / L , t K7v?yIl^o. OlOlmol/ 

Li45J:5lc, BM^ y#y (m n s o 4 ) jjc»* % M = y (n i s o 4 ) 

SfcBla^A/ h (C o S O 4 ) b F y V V (NH 2 NH 2 ) ?X ft 

i-Co*ftffiIEf££Mb/c: 0 ^ y ^ ^lltHl^fiJ^©^!!:, ^Mn-Ni-C 

o^tfcKrp^tt^ j3-Ni (oh) 2 m&&mm*± t L-ct^t-^ 5 ^ t # t> 

l^fcMn-Ni-Co #itlffe#:k7lcSlfty ^ !7 A - 7 J< % & * t Z JSC =f- J* 
fLi / (Ni+Mn + Co) =1. 3 1:45 i 5 KffiU, £ % 09 l £ H* K: 

UTLi-Mn-Ni-Co*#lftft*#fc. * f 9 * £ 0 ffll M <D , # 
b}lf:Li-Mn-Ni-Co « ^Bft-fb * f± , SF«R 3 - mt||^tl5 L i 
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M0 2 #3t(Cjp^T, L i 2 Mn0 3 <fB!'-S5f?1"3^Jlfetl3 0#tM 2 1° \CM 

tbibtitc* 2e = i8. 6° vmmm^ftirz 2 1° © HI ft M © it * # m b 

fc t i 5 , 0 . 0 2 £ ft o fc 0 I C P |&Jill##f ©ft** Lia.3Mno.s2Ni 
o. 2 4 C o o. 24 O 2 ,M£«Lfc 0 B ETikSIIft 0 . 6 m 2 / g fc ft o fc „ 

^Mj^LTV^tl^MJ £ftfc Q -&*£^©ftit© 1 0 o^M^ML- 

T¥^Hf 1. 5Mmtftofe 0 

(mmm 3 ) 

& 0.9 15mol/L,=y 0. 756mo 1/L, 

n/^fifi^O. 088 mo 1 / L, t K 7 > ft g d s 0 . 0 1 0 1 m o 1 / 
L £ ft 5 «fc 5 HI, fifclft^^^^ (MnS0 4 )*«,«^^/MNi S 0 4 ) 

7K'^«> h (c o s o 4 ) TkmmRTft Fr^ (nh 2 nh 2 ) 

i-Co*tt«fB#S:^8l/fc. ^ y * ^ 3» 13 iff HI S © » * , ^Mn-Ni-C 
o * tfc fu IK . J3-Ni (OH) s IftIii*iHtt//T?V^tk«Sj3 

^ O fc o 

. #£>ftfcMn -N i - C o ^itmmW h V f V J*-7ki&ffi*t it 

tL i / (Ni+Mn + Co) = 1 . It ft 6 £ 5 M L , 1 t IM 

LTLi-Mn-Ni-C o ^ 2/ * * H E #T « £ © ft * * # 

btlfcL i-Mn-Ni-C o&&Mk#)ft. QflimR 3 -mfrMmZfrZ ti- 
ll a F e O 2 IS it JO X. T , L i 2 M n O 3 *g }C & ^ 1~ 5 t j?, ft 5 0 #T /i tf s 2 
2° fcfSfcfcftfc. 2 9 = 18. 6 ° Oi$T,it^t 6 2 2 0 © HI #f «§l © 31 g Jfc 
^taibfct:5, 0. 0 3 £ ftofc 0 I CP|l)jt**fOft*, L i l. i M n o . 
62 Ni 0 . 43 Co 0 . 06 O 2 i^^iIlfc. BETft^ItiiO. 6m 2 /gT 

ttiEffiLT £ n 3> 0. 8 M mi:ftofc 0 
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immm 4 ) 

vy^fyig^ O.792mol/L,= v irA'*k9t & 0.352mol/L, 
a s*As h » ft # 0 . 6 1 6 mo 1 / L , t K5^y*S^0. 0 1 0 lmo 1/ 
Lt4U5f, ^Ife^^^V (MnS0 4 )***,Hlsy^/l'(Ni SO,) 

a«=»^A/ h (c o s o 4 ) frmmRxtt v*9v> (nh 2 nh 2 ) ?k : m 

i - C o &&mmW%{tM bfc. aiy ^^iHleltffflSfe©*!*, #btlfcMn-N 
i - C o J3 — N i (OH) z mW&mmZ± t lt^^tV^5 n 

f fe^fcMn-N i -C o *i£i!ul£# t ykWiit V A-7XS©*t fclS^Jfc 
T'L i / (Ni+Mn + Co) =1. 2 i 45 i 5 t?FIt, «#Jlt«^ 
LtLi-Mn-Ni-C o *-frBfcfl2* Sr ^y**&®Jfr«!l £©*£** # 

f>^fcLi-Mn-Ni-CoS^Hftfttt, SriiR3-m|cHI^Jl5ffi- 
NaFeO,ifi#l±i!:ttll)SJlfc, I C PftMtfflft*, Lix.iMno.* 
5 Ni 0 . 2 Co 0 . 35 O ,»riS«r?»lBUfc. B ETltSIfll 0 . 5 m 2 / g X fe 

trfte^ s:ffifeUTv> 5 fis^asmag £ tifc 0 -#c&^©#;t© 1 o o ,s?r*f 

iEIH LT¥^J|tS^^fefc t - 5, 1. 5 ju m fcfeofc. 
(HJS^J 5 ) 

y # V » £ # 0. 6 1 6mo 1 / L , = y ^-fl'fcfttf* 0. 352mo 1 / L , 
=< I* ift ft # 0 . 792mol/L, t K 7 ^ V Wt ft & 0 . OlOlmol/ 

LiftSiH, fflEft-^ y^fv (MnS0 4 ) 7kmWi, m^=s/^/v (N i so 4 ) 

?K mm. mm^/<* h (c o s o 4 ) 7jc^«.s.i>* t k 9 s> ^ (nh 2 nh 2 ) 7km 

i -C o#tfctire#«:fls«Lfc. ^y^^^HIffil^©^^> #^tMn-N 
i - C o #ttSulgfrft> J3-Ni (OH) 2 S*Sii*3i«:£ i LT^A/T^S H 
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t # t> d» o fc o 

ftfcfrfcMn - N i - C o #2fc|tTIK# t *g^t y ^ * A-7j<mi&^ t 
T*L i / (Ni+Mn + Co) =1. 2tft« i5 tffiL, gifefll 1 & 
LTLi-Mn-Ni-C o S^lfe-fb* =Sr# fc. ^ y * * || 0 #f ^ £ © £ > # 

ft L l-Mn-Ni-Co|*lfl5*ft, SffiiR 3 -mCiS S ji5 o - 
NaFe0 2 ii^i|;f ai^^t. I C PM^IfO^*, L i x . x M n 0 . s 
5 N i o. 2 C o o. 4 5 O 2 ffi.i&%mm LfCo BETft«tttO. 4 m 2 / g T? 

Xrftlif^lj^ LTV^^tfSM $ iifc. -*S^©ttf © l 0 0 
5£{fi Lt¥^Si?:tfefc £ - 5, 1. 4 » m h ft ^ tc 0 

(mmm q ) 

-rytfyBkMifi 0.290mol/L,=y ^A'Jftft** 0.290mol/L s 
179mol/L, t Fr^lSi s 0. OlOlmol/ 
L i 45 i 5 t> fSl^y^^ (MnS0 4 ) # % «E » = y ^ (n i so 4 ) 
h (C o S 0 4 ) *mmRT*K K7^y (NH 2 NH 2 ) 7 Jc^ 

i-Co*ttltlft^flLfe. 17^10^1^©^*, ^Mn-Ni-C 
o£ifci«fri4, /J— Ni (OH) 2 MJUft5£££ b L-C^A,-C'V^ 5 n t &t> 
o fc . 

#f>ftfcMn-N i - C o *tfcflig^ t *»flJ y A- 7 J<«*t SrJK^Jfc 
-Li / (Ni+Mn + Co) =1. oi45i5tffil 4 ^ JS 00 1 P 
LTL i— Mn— Ni— Co « £ IHb #1 £r # fc . ^ y if * $ 0 #f$0 £ © & * , # 
^fcLi-Mn-Ni-C oS-Q-H-fbtttt, g|gR 3 -mCSI $ jl5 o - 
NaFeOjiS^itlllll^t I C Pifil^ffO^*, L i lm 0 Mn 0 . i 
6sNi 0 . 166 Co 0 . 67 O 2 |I^^iIlfc, BET^IIIftO. 4m 2 /g 

MLTrM£^«$LT^5il^M£ftfco 1 o o A 
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(HM 7 ) 

-v^^y^Jt^O. 8 8 0mo l/L, 8 8 0 m o 1 / L 

tft5J:?f,Si^y^V (Mn S0 4 ) 7jc SSI- y ^ A- (N i S 0 4 ) 

- N i *ifcfrE# & ft* fit bfc 0 ^ y ^ * J* HI Jr « € © JI6 * » ftfejjxfcMn-Ni 
Sttil&lgftfis 0— Ni (OH) 2 i^£ B B a lj|l;itlTt^t^5r t^t,^ 

#&tlfeMn-N i (Co 3 0 4 ) kLiOHi 

^I^Jt-CLi :Mn :Ni : Co=l, 0:0. 165:0. 165:0. 6 

®iSl--5i K'L i -Mn-N i - CoI^lftfe^f^lLt. ^ y * * B 0 ft 
jHJfe©tt*, ^Li-Mn-Ni-Co *£-»fl5*tt; * Fffl # R 3 - m JC J§ A £ 
^Soi-NaFeO 2 £ tft Hi £*tfc 0 I CPSKlMOft*, L i l „ 

Mn 0 . 16S Ni 0 . 16 sCoo.67 0 ,3»a^«r»BLfc. B E T J**iS8n4 0 . 5 

10 0^«#EMLt¥^|i^*i6fcK5, 1. 8(imtftofc. 
(£Jfc09 8 ) 

^ V # y }6 ft # 0.880mol/L N = y 0. 440mo 1 / L % 
=i/^VhMJt^ 0. 4 4 0 m o 1 / L , t K^'^J'iA^O. OlOlmol/ 
L t fe§ £ 5 (M n S O 4 ) **J0u = y (N i S O 4 ) 

7kmm, W. tt ^ ^ h ( c o s o 4 ) ?Jc M£ t F 7 s? y ( n h 2 n h 2 ) &m 

d»ofcn i SrSfeV^-C 1 UMn -N i - C o # ft ft, ,|s f£ £ if $3 

Lfc. *y ^ ^<HlHlJffaOS&©*S*, 2 9 = 2 0 0 f+iEoMV^mfHK:3lP*.-C» 1 
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0" #£t2 2° h EI Iff 16*5 18 ft hfr. ^Mn-Ni-Co *£fcfffpf*ttx 

j3— Ni (OH) 2 (ciP^Ta-Ni (OH) 2 ® ,& # * Tfcfifc L T ^ 5 £ 
k «J fc> o o 

#b ttfcMn - N i — C o # ft tft « £ * »fl5 !/ ^ * A k Srl^Jfc 
-Chi / (Ni+Mn + Co) =1. 1 tft5i5tffil, W 1 fc PI * 

L-CLi-Mn-Ni-Co $ 8Mb * £ # . ^ * * * & 13 tff iffl © • *S & * £ 
FfgiR3-m|i|I^5«-Na F e0 2 igtatt, L i 2 M n O 3 ft ft 
^5tafcia50M^2 2 o Sc!I#>f>*Lfc o 2 6 = 18. 7° O0^ritt 
1-5 2 2 0 ©0^il©MJt£ jttB Lfc h r 5, 0 . 0 6 h ftofc. ICP&I 
# 4ff © n& * s Lix.jMno.5Nio.25Coo.25O 2 |R«« BET 

JiS-ftt^Oftf ©I 0 0^%ffrfiHfC¥i&g#Sr**fcU5, 2. 0 
(Jfcttfcl 1 ) 

?yj|f^j|S^l. 0 5 5mo 1/L,=y^^i*# 0. 3 5 2mo l/L, 
= /I' h » g # 0 . 3 5 2 m o 1 / L . k K^^^lft^O. OlOlmol/ 
Lt45i5l:,«i^Vj/y (MnS0 4 ) «»= y ^ (n i so 4 ) 

h (C o S 0 4 ) t K7^y ( N H 2 N H 2 ) 

i - c o #ftjtuIE#:£M Lfc 0 *y ^^»ll*faS3i©«S*> #fctifcMn-N 
i#ft*&«frtt* 0-Ni (OH) 2 ife H B a lJl^±tLTt^tV^5r 
^ o fc „ 

#6>ttfcMn - n i - c o itftfuii^ k zkSHt !> * A k Sr K^Jfc 
-e Li / (Ni+Mn + Co) =1. 3i45J;5 (-Mb, itW 1 h m m 
LTLi-Mn-Ni-C o « -a-Kfls* & #fc„ ^ y ^ * $1 0 $t«0 £ © « > £ 
r«R3-mEj|I^5 a-Na F e O 2 #i 3t X. T , L i 2 Mn0 3 f@i-ft 
k Jl kftS ®eff*# 2 1 0 btbfco 2 6 = 18. 6 0 ©SffitS 
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1-5 2 1° ©E#fiS©aiftJ*«:#HJ hit b^?>s 0 . O4i4ofc, I C PM 

ftffi ©fe*, L i i. 3 Mn 0 . 6 Ni o. 2 Co 0 . 2 0 8 l&Jife Srfll* L fc. BETtt 

iSSfjfttl. 5mVgtfeof;„ 7fe$M«^ftmtlllf»(- «t 9 «?M«*ft 

S-^t^©ftI©l 0 0^^«frlilt¥^li^*i()fcir5, 2 . 4 m 

(Jfc*Eff9 2 ) 

•v ^»flf *5 0.704mol/L»=y ^/W!M O.176mol/L, 
3/<;VhiS^o. 8 8 0 mo 1/L, t F7^^IS^0. 0 1 0 1 m o 1 / 
Li45±5Ks«S^i'5tf>' (MnS0 4 )*#»,81sy^(Ki S0 4 ) 
zl<8f*^ M = /<A" h ( C o S O 4 ) *ftE«JfeUt fc h'7^y ( N H 2 N H 2 ) 7k 

& S 1^ L T # J© ^4 ^ ffi .1 i: 1: 1^ V N "C ii !S Jfi #0 1 t IH^t LTMn — N 
i -C o *tfctt«fr*^«tfc. ^y***@ilf«IJE©»*, HbJltMn-N 
i - C o *ftSfiie#:ii> J3-Ni (OH) 2 Mfe^a : f#iistrit hXi^h/X'^ftZ. 

#&^fcMn-N i -c o &ifcHr*#4:*SHfc; y ^ ? a t 

t*L i / (Ni+Mn + Co) = 1 . 3 i: ft o J: 5 fcff 1L, gjfcfil 1 h mBK 
L"CL i — Mn — N i — C o & £«fls ft & # fc . ^ 5> * * » H Iff II S£ © ffi M 
^R3-mM§JI£tl5L iM0 2 #^f{cAax.T, L i 2 Mn0 3 ffil^*t5i 
jL&ftS I3#f*&;&5 2 2° (CfSftbHfc, 2 0 = 1 8. 7° 5 2 2° 

©3ftftJfc«r£tfJ Lfc t r. 5, o. 03£fto/c„ i c Pfefife^lf rote*, JS^t 

ffiV^^^JRJttf^U.^JRj|fl^«rflftfBUfc„ B E T ttSIlft 0 . 3 m 2 / g X & 

*sii^i»iiiiu!)ii^5-!fct^oftt©i oo^ 

MMffi LT^MMfefc - 5, 2. l/*mifto7c 0 
(tfc&fll 3 ) 

0 . 3 52mo 1 / L % = y $r /U« ft # 0 . 176mo 1 / L , 
= /I" h » ft # 1 . 2 3 1 m o 1 / L , k F7v?yIf^o. 0 1 0 1 m o 1 / 
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L ft 6 J: 5 , m&^ytfy (MnS0 4 ) BM- -y trfr (N i S0 4 ) 

?kmm. M=<^ h (c o s o 4 ) Tk^Mi^t K5^y (nh 2 nh z ) 7k* 
m*m&\sxmfrnPrm*m^t^^ t *m^xnmmm 1 1 mm\^ itMn -n 

i - C o bfc 0 * y ft |I|Sf il^fcMn-N 

i - c o **tup*ii, j3-Ni (oh) 2 mm^mm^^t Ltt^?v^ - 

i tfS fc, ^ o fz. „ 

UL i / (Ni+Mn + Co) =1. 2 ift5i5 tffit, it«l^ltL 
i -Mn -N i - C o *<fr 1Mb * y * * ft 0 #Tiffl S © * ^ 

Li-Mn-Ni-C o a — N a F e O 2 #3tSr* L, ^fflPR 

3 -mfcfltJRSft* a — N a F e O 2 * 3i if> £ ft Hi * *l fc . I C Pfil^lfO 
tt** L i i. 2 Mn o. 2 N i o. a C o o. 7 0 2 |lfilSrilbfc 0 BETittll 

{40. 8m 2 / g T?fcofc 0 tfc tsit^wiiita ^mfflO^tLS-^ 

1 0 0 &*5fi#iEiH Lt¥«lfiSS:*»fc t - 3* 2. 6 /z m h ft 

*5t#tl l ~ 8 XtfJfcttfcl l ~ 3 mttS^^IMIS* (3E*?S*lt) ©M'tt&SS 
l|:4i»t»t. ±|B*J6WXWJt«tfiItf^t!iUfcL i -Mn-N i - 

C o W'&it'fbflfcli.riS tCOV^T, *afife=*: ; L i s Mn a Ni b Co c 0 2 |C^lt5a, 
b, c ©« t Ltl 1 ©HStIl-h('f*t*f„ 
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Li x Mn a Ni b Co c 0 2 
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X 


a 


b 


c 
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( s /m ) 
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mV g 
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